Abstract: Delayed postpartum hemorrhage, defined as bleeding following delivery up to 6 weeks postpartum, is a risk following cesarean or vaginal delivery. Episodes most commonly occur between 8 and 14 days postpartum. Here, we present a case of a 24-year-old woman presenting with delayed postpartum hemorrhage 14 days after delivery, which later proved to be caused by left uterine artery hemorrhage. The hemorrhage was refractory to local treatment and required invasive measures to prevent hypotensive shock. In lieu of a hysterectomy, a unilateral uterine artery embolization (UAE) was performed to preserve fertility in this 24-year-old patient. Three-dimensional power Doppler ultrasonography was performed 3 weeks after UAE to assess the volume and vascularity of the pelvic structures. This case illustrates a viable intervention for women with postpartum hemorrhage who desire to preserve future fertility, as well as a method to detect structural and vascular changes after the treatment to evaluate their future fertility prospects.
Introduction
We present a case of a unilateral uterine artery embolization (UAE) in a 24-year-old woman for the treatment of delayed postpartum hemorrhage (PPH) refractory to local treatment. Color and pulsed Doppler ultrasound (US) and three-dimensional (3-D) power Doppler US were performed to assess the structural and circulatory changes of the uterus and ovaries. Follow-up with 3-D power Doppler post UAE may provide a viable option to assess future fertility prospects at a much earlier date than previously documented.
Presentation of the case
With an incidence of 3 -5%, delayed PPH, often due to uterine atony, retained products of conception, or coagulopathy, is a significant cause of maternal morbidity [ 7 ] . We describe a case of PPH due to left uterine artery hemorrhage in a 24-year-old G1P1 who presented on postpartum day 14 with vaginal bleeding. Two weeks previously at an outside institution, she had undergone an uncomplicated primary low transverse cesarean delivery for failure to dilate and non-reassuring fetal heart tones. Hemoglobin (Hb) and hematocrit (HCT) were evaluated when she precipitously became tachycardic, hypotensive, dizzy, and pale and was passing large clots after initially having Hb 6.9 mmol/L (11.1 g/dL) and HCT 33.1%. She was admitted 6 h after presentation with Hb and HCT of 4.0 mmol/L (6.5 g/dL) and 19%, respectively.
On pelvic examination there was a large amount of blood and clots, with palpation of a 20-week-size uterus. A previous US showed a distended uterine cavity with fluid, but no evidence of retained products of conception. Retained products of conception were still suspected, so she was taken for an emergent dilatation and curettage. She was given 2 units of packed red blood cells (RBCs), hemabate, and 900 μ g of misoprostol per rectum before being taken to the operating room. There the cervix was found to be dilated and the uterus boggy. Suction curettage was performed, and several blood clots and tissue fragments were removed and sent to pathology. Sharp curettage followed, but she continued to bleed. An intrauterine balloon (Bakri balloon) was inserted and filled with 525 mL of normal saline and a vaginal pack placed. When no bleeding was noted on the pack after 15 min of tamponade, she was transferred to the recovery room. She was transfused with fresh frozen plasma (FFP) and transferred to the intensive care unit. There the patient again became tachycardic, hypotensive, and was noted to again be hemorrhaging. She received 4 units of packed red blood cells, a 10 pack of platelets, FFP, cryoprecipitate, and factor VIIa (150 μg/kg), but Hb increased from 3.7 mmol/L (6 g/dL) to only 4.8 mmol/L (7.7 g/dL). As the 24-year-old patient desired future fertility, interventional radiology was consulted for UAE in lieu of hysterectomy. Pelvic angiography demonstrated an active arterial extravasation arising from the left uterine artery, which appeared to be vasospastic. The angiogram of the right internal iliac artery showed no extravasation arising from the right uterine artery, which appeared normal in caliber and appearance. A unilateral embolization of the left uterine artery using 5 microcoils (3-4 mm in diameter) followed by gelfoam was performed. No opacification of that vessel was seen on postembolization images and contrast refluxed back into the posterior division of the left internal iliac artery. On postoperative day (POD) 2, she was transferred to the floor where she remained stable with no further complications. Upon discharge, Hb and HCT on POD3 were 5.5 mmol/L (8.9 g/dL) and 26.1%, respectively.
Two weeks after UAE, pelvic exam showed no vaginal bleeding and normal uterine size. A novel approach was used to evaluate her pelvic structures and assess the circulatory changes of the uterus and ovaries. Transvaginal US was performed using an electronic 5 -7.5 MHz transducer with color, power, pulsed Doppler, and 3-D facilities (Voluson 730 Pro-system; GE Medical Systems, Milwaukee, MI, USA). The morphology of the uterus and the ovaries was evaluated by B-mode US, while color and power Doppler flow was superimposed to detect the uterine and ovarian circulation. The equipment was set to achieve the maximum sensitivity so as to detect the low-velocity flow with least noise [frequency 5 MHz, power Doppler gain 20 (range 1 -30), dynamic range 20 -40 dB, edge 1, persistence 2, color map 1, gate 2, filter 3, and pulsed repetition frequency 0.6 kHz]. Three-dimensional power Doppler examination took approximately 20 -25 min [ 5 ] .
On 2-D and 3-D transvaginal US 3 weeks after UAE, the right ovary, contralateral to UAE, showed a volume of 8.2 cm 
Discussion
Initial management for delayed PPH includes aggressive volume resuscitation, conservative techniques such as an intrauterine catheter (Bakri balloon), and uterine artery ligation. Hysterectomy is the definitive treatment for PPH. An alternative is pelvic angiography for UAE. Several reviews, case reports, and series have shown UAE to be a viable method for controlling bleeding in PPH [ 1 , 9 , 10 ] , with success rates ranging from 86% [ 9 ] to 98% [ 10 ] . In the case we discuss here, a 24-year-old patient was spared a hysterectomy by employing a unilateral UAE.
Although several studies have been published exploring this topic, there is no solid consensus on the subsequent fertility of a patient following UAE for PPH. Some studies have cited good fertility outcomes [ 1 , 8 ] with up to 100% pregnancy rates in those who wish to conceive following UAE [ 1 ] . Other studies have identified issues with fertility following UAE [ 1 -3 ] , with as low as 62% pregnancy rate in one study [ 1 ] . Horng et al. [ 3 ] showed that 100% of women who underwent UAE for PPH had regular menstruation. Seventy-five percent of attempted pregnancies in this group were successful after a median follow-up of 82 months. Studies have reported, however, an increased incidence of hypomenorrhea [ 3 ] and complications to subsequent pregnancies after UAE, including, most frequently, recurrent PPH, synechia, and rare fetal growth restriction [ 1 ] . UAE is effective in treating PPH and may preserve fertility; however, there may be postprocedural effects on fertility and/or the ability to deliver future pregnancies. The importance of these effects is unclear, and with no current method of evaluating future fertility, many women are left to wonder if they will be able to become pregnant again. In our patient, 3-D US detected thickening of the midline fundal myometrium and fundal cavity indentation. Irregular shape of the uterine cavity and normal outer fundal contour were consistent with arcuate uterus. This finding may explain the obstetric complication. Discrete hyperechogenic bands were suggestive of intrauterine adhesions [ 6 ] .
The ensuing follow-up by color Doppler and 3-D power Doppler US can assess revascularization following UAE. Previous studies have recorded Doppler sonography of the uterine arteries post embolization showing normal revascularized uterine arteries [ 1 ] ; however, these patients were already pregnant, rendering the predictive value of these studies meaningless. On the basis of the color and pulsed Doppler assessment at the 3 weeks follow-up, the left, embolized uterine artery showed decreased flow with increased PI and RI compared with the untreated right uterine artery. It is expected that formation and propagation of collaterals will further improve uterine blood flow, leading to restoration of fertility. UAE is a viable intervention for PPH in women who desire to preserve future fertility, while pulsed and 3-D power Doppler is a non-invasive tool for detecting causes of obstetric complications, evaluating structural and circulatory changes before and after UAE, and evaluating patients ' future fertility prospects [ 4 ] .
